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@ Ught-emftting elements. 



@> A multi-color light-emitting element has at 
least two optical mlcro-cavhy structures 
(102-106) having respectively different optical 
lengths determining their emission wave- 
lengths. Each rnicro-cavny structure con- 
tains a film (105) of organic material as a Ifght- 
emtting region. These may be a single film 
(105) of uniform thickness In the element. 
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The present invention relates to light emitting ele- 
ments employing optical mterocavttiea. Such an ele- 
ment may be used for example as a display element 
a light-emitting device for data communication, a 
read/write head for data files, and a printing device tf 
and the tike in the field of data communicatTon. 

In known light-emitting dements employing or- 
ganic material there can be obtained only one emis- * 
sion spectrum which depends upon the nature of the 
fluorescent material, when the light emitted from the 10 
organic thin fluorescent film la used directly. It ts pos- 
afole to p rovide a color filter in front of the li ght emit- 
ting element, to remove part of the emission spec- 
trum. However, the peak intensity of the light obtained 
is then smaller than the intensity of emission speo- 15 
trum of when no color filter is used, so that the effi- 
ciency is greatly decreased. There has been pro- 
posed, for Instance, In JP-A-57-51761 an electrolumi- 
nescent ceU In which an organic light-emitting mate- 
rial and an electrically insulating binder are Inter- so 
posed between transparent substrates having trans- 
parent electrodes such as indium tin oxide. This de- 
vice does not employ the mlcro*cavity principle de- 
scribed below. 

There has further been proposed a multi-color 25 
light-emitting electroluminescent element which has 
a plurality of inorganic light-emitting layers of differ- 
ent emission colors that are formed on the same sub- 
strate by utilizing different dopants in zinc sulfide 
(J P- 8-5- 15073). This element also does not use the SO 
micro-cavity phenomenon. 

The concept of optical micro-cavities, which is 
employed in the present invention, is known. In an 
optical mfcro-cavlty, the optical length is sufficiently 
small that it determines the peak wavelength of the ss 
emitted light Attempts have been made to develop 
such devices for both spontaneous emission and 
stimulated emission (ss in a laser device). Such a de- 
vice has been realized using the inorganic semicon- 
ductor GaAs, but ts expensive to make and is inappti- 40 
cable to the production of a multi-color tight-emitting 
device, because of the narrow emission frequency 
range of GaAs. 

Applied Physics Letters 63 (5), PAGES 594-5* T 
Nakayama et al. "Organic-photo and electre-lurmnes- 45 
cent devices with double mirrors", an article publish- 
ed August 1993. describes an earner development in 
this field by one of the present inventors and others 
which also forms the subject matter of 
PCT/JP93/01342 (expected to be published In March so 
1994). Reference should b made to this published 
articl , which describes optical micro-cavity effects in 
devices containing organic thin films, for background 
information in relation to the present invention. 

The present invention seeks to provide a multi- ss 
color light-emitting element which provides good per- 
formance and can be fabricated relatively cheaply. In , 
particular, the invention seeks to provide devices hav- :\ 



rng an improved spectral width. 

Another object of the invention is to provide a 
substrate for the light-emitting element of the inven- 
tion. 

The invention consists in providing at least two 
optica! micro-cavfty structures, having different 
emission wavelengths determined by their respective 
optical lengths, and each having an organic material 
film as a light-emitting region. The light-emitting film 
can have the same thickness In the different optical 
micro-cavities, with the different optical lengths being 
provided by different thicknesses of another film In 
the optical micro-cavity structure. The organic mate- 
rial films may therefore be formed by a single layer of 
uniform thickness In all the optical micro-cavity struc- 
tures. 

An optical micro-cavity ea used In the present In- 
vention generaHy has a thin f Mm of light-efnittJng ma- 
terial, at least two reflecting surfaces on opposite 
sides of the thin film, the spacing of tine two reflecting 
surfaces determining the optical length of the micro- 
cavity. The micro-cavity also has a path for light emis- 
sion, which may be for example a half-mirror forming 
One of the reflecting surfaces* or may be a light- 
emitting aperture in s layer providing one of the re- 
flecting surfaces, for example a non-transparent 
electrode layer. 

One or more other layers may optionally be pro- 
vided between the two reflecting surfaces, and these 

'must be transparent layers, for example one or more 
of a transparent electrode, a hole-Injection layer, an 
eJectron-injection layer and a spacer layer. The func- 
tion of the spacer layer is to contribute to the desired 
optical length of the particular micro-cavfty. The hole 
injection layer and the electron-injection layer (if pro- 
vided) Improve the efficiency of the device. The mi- 
cro-cavity structure employed in the present inven- 
tion may be of the light-excited type. In which the light 
emission of the organic material ts stimulated by light, 
e.g. external laser light In this case, electrodes are 
not required in the optical rnlcro-cavity structure. Al- 
ternatively, the element Ea of the current-induced 
type, In which electrical current is applied across the 
organic material thin film In each optical micro-cavity 
structure, to cause the desired tight emission; for this, 
electrodes are required. 

The preferred minimum optical length of the mi- 
cro-cavity ts one-quarter of the peak wavelength of 
the emitted light since a shorter optical length may 
not produce the desired emission. In the present state 
of fabrication technology for such devices, a preferred 
maximum optical length is ten times the emission 
peak wavelength, but In alt cases it is requited that the 

' optica) I ngth of the micro-cavity is such that the opt- 
ical length determines the p ak wavelength. That is 
to say if the optical length is too great, the peak wa- 
velength may be d termined by the natural emission 
spectrum of th organic material. 
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Throughout the specification and claims, the ex- 
pression 'optical length* rotates not to the physical di- 
mensions of the optica! micro-cavity, but to the sum 
of the products of the thickness and the refractive In- 
dex of each layer between the reflecting surfaces. s 

The organic material employed for the light- 
emitting region of each optical micro-cavity in the ele- 
ment of the Invention Is In general a synthetic organic 
material selected to have a natural light-emission 
spectrum having the wavelength desired. Preferably, to 
a single organic material is used for all the optical mi- 
cro-cavitystructures (LeTan puceis) of che"eiement; 
this organic material having a natural emission spec- 
trum containing the desired wavelengths of all the mi- 
cro-cavity structures. Suitable organic materials are is 
known from the field of electro-luminescence, and in- 
clude metal chelate materials, other organic com- 
pounds having appropriate fight-emitting properties, 
and polymers having appropriate light-emitting prop- 
erties. Reference may be made for example to "De- 20 
velooment strategies for organic electrolumines- 
cence devices" published by Science Forum, Ltd. In 
Japan on 30th June 1992. page 100. The exact nature 
of the material is not so important as Its optical prop- 
erties, but preferred materials are those which can 25 
suitably be formed into thin layers having highly uni- 
form thickness and smooth surface. 

Where electrodes are provided in the optical mi- 
cro-cavfty structure, the positive electrode Is prefer- 
ably a transparent material having a high work- so 
function* whereas the negative electrode may be a 
non-transparent ma tai of relatively low-work function, 
which also provides a reflecting surface. 

Preferably one reflecting surface of the optical 
micro-cavity is provided by a^hslf-mirrar, Le. a semi- 3S 
transparent layer structure. A half-mfrror ta a layer 
(which may be a plurality of films) which partially re- 
flects light of appropriate wavelength at Its surface. 
Preferably, the reflectance (i.e. non-transmittance) of 
the half-mirror is in the range 50 to 99.9%. but this 40 
range is not limitative. A reflectance of less than 50% 
is not preferred for a display device, but may be ap- 
propriate In other devices. The half-minor has two 
functions, one of which is to allow the output of emttv 
ted Ught from the optical micro-cavity, and the other 4$ 
is to form a reflecting surface bounding the optical mi- 
cro-cavity. 

The multi-color Ught-emlttirtg element of the pres- 
ent Invention may emit light In the ultra-violet region, 
the visible region or the Infrared region, Electro-lumi- 50 
nascent materials suitable for use in th invention, 
providing emission wavelengths over this wide range, 
are already known. 

In another aspect, the invention provides a sub- 
strate for use tn the manufacture of a multi-color light- 55 
emitting element, comprising a transparent sub- 
strate, a half mirror structure formed on the substrate 
and consisting of a plurality of dielectric films and a 
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transparent conductive fayer formed on the half mir- 
ror structure. 

Embodiments of the invention will now be descri- 
bed by way of non-limitative example with reference 
to the accompanying drawings. In which:- 

F|g. 1 1s a diagrammatic Illustration of the layers 
of a first embodiment of the present invention; 
Fig. 2 Is a graph showing the emission spectra of 
ALQ when there is no semitransparent reflecting 
film and the emission of red. green and blue light 
obtained In an embodiment of the invention such 

aa tha; of Figr l; and- - - 

Fig. 3 is a diagrammatic Illustration of the layers 
of a second embodiment of the present invention. 

Embodiment 1 

In Fig. 1. on a quartz glass substrate 101 is 
formed a half mirror in the form of a semitransparent 
reflecting layer 102 which is obtained by depositing 
alternately T1O2 films (each 56 nm thick) and SiOj 
films (each 89 nm thick) aa a multilayer of a plurality 
of each type. On the layer 1 02 are seen formed In se- 
quence a transparent conductive film 103 of ITO (in- 
dium-tin oxide) in the form of regions 103a, 103b, 
103c having three different thicknesses, a hole- 
Injection layer 104 of a triphenyi diamine derivative 
(TAD) 50 nm thick, an organic light-emitting layer 105 
of an aluminum chelate ALQ (tri(8-hydroxy-quinoli- 
nol)eJuminum) 50 nm thick and an Ag:Mg metal elec- 
trode 106 (alloy of 50% Ag, 50% Mg). A plurality of the 
ITO electrodes 103 and of the Ag:Mg metal electro- 
des 106 are in the form of strips which intersect at 
right angles to constitute a matrix. When a DC voltage 
of 10 to 15 V Is applied with the film 103 as the pos- 
itive electrode and the electrode 106 as the negative 
electrode, the portions where the electrodes Intersect 
serve as pixels for emission of fight from the optical 
micro-cavity structures formed between the elec- 
trode 106 and the semitransparent layer 102, Here, 
the sum d of optical lengths obtained from the prod- 
ucts of the respective thicknesses of layers 103. 104, 
1 05 and the respective refractive indexes thereof, lies 
for each micro-cavity in a range between 450 nm and 
700 nm, which is the range of the emission spectrum 
of ALQ when there is no aemitranaparent reflecting 
film 102. 

Fig, 2 shows the emission spectrum of ALQ when 
there is no semitransparent reflecting film I.e. its 
natural spectrum. The value d for each micro-cavity 
is changed by changing the thickness of the transpar- 
ent conduct! n film 1 03 r f so that the peak In the res- 
r onence wavelength of me optical micro-cavity Is set 
as desired in the range between 450 nm and 700 ran. 
As indicated, three colors, i.e„ red (R) f gre n(G)and 
blue (B) are taken out from the single element of Fig. 
1. 

T give a epedfl xampte, using ITO for the 
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films 103a. 103b, 103o of refractive Index 1,7. the fol- 
lowing peaks ware obtained, a* shown in Fig. 2: ft 620 
nm, Q 520 ran, B 470 ran, using thicknesses of the 
films 103a, 103b. 103c of 190 nm, 160 nm and 145 
nrn respectively. 

Depending upon the gain of the optical micro- 
cavity in this case it is poasible to obtain light which 
ie stronger in intensity than the spectral components 
of light emitted from ALQ when there is no semitrans- 
parent reflecting film. The peak In the resonance wa- 
veform of the optical macro-cavity can be changed by 
changin g the sum d of the optical len gths. 

As will be understood, the sum d of optical 
lengths can be altered in other ways than by changing 
trie thickness of the transparent conduction film 103. 

Sputtering processes may be used for forming 
the layers 102.103 and vacuum deposition for the lay- 
ers 104,105.106. 

Embodiment 2 

In Fig. 3 the same parts have the same reference 
numerals as In Fig, 1 and will not be described again. 
The film thicknesses of the transparent conduction 
film (ITO) 103, hde-injection layer 104 of the diamine 
derivative <TA0). and light-emitting layer 105 of the 
aluminum chelate (ALQ) are constant. The sum d of 
optical lengths is changed by installing spacers 107 
, of transparent St0 2 (refractive Index 1.4) in order to 
obtain the emission of red (R)> green (O) end blue (B) 
light The thicknesses of the layers 104 and 105 are 
the same as in embodiment 1. The ITOf llm 103 is 145 
nm thick. The SiD 2 spacers 107 have the following 
thicknesses, for the red (R), green (O) and blue (B) 
lights:- 





3102(107) 


B(470nm) 
G(520nm) 
R(620nm) 


Onm 
18nm 
54nm 



The Intensity of resonance and the half-value 
width of the spectrum are determined by a combina- 
tion of the emission spectrum when there la no sem- 
(trans parent reflecting film with the effect of the ©em- 
{transparent reflecting film having transmission/ re- 
flection characteristics. It Is therefore possible to set 
the intensity of resonance of the emitted light and the 
half-value width of the spectrum by determining the 
transmission/reflection characteristics of the semi- 
transparent reflecting film and to bring the Intensities 
f th emitted red, green and blu light doeer to the 
Intensity ratio that is required for a display device. 

When using the dem nt according to th present 
invention ea a display device, peak positions of the 



lights of the colors may-shift in accordance with the 
angle (visual angle) formed by the line of sight and the 
plane of the pixels due to the structure of the display. 
This stems from the fact that the sum d of optical dls- 

s tances effectively changes when the pixel is viewed 
from an oblique direction. This can be solved by set- 
ting in advance the sum d of optical distances by tak- 
ing Into consideration the difference in visual angle 
between the center of the substrate and the periphery 

10 thereof. 

Embodiment 3 ^ 

A multi-color light-emitting micro-cavity element 
is Is made exactly as in Embodiment 1 except that a por- 
phyrin derivative Is used in place of ALQ. for the layer 
105. The same voltage is applied, to produce emis- 
sion of red, green and blue light in the same manner. 
The Invention has been Illustrated by several em- 
20 bodiments. but is not limited to them, and modifica- 
tions and variations are possible within the scope of 
the invention. 

It is mentioned for example that Te^Og may be 
used instead of T\O z in the ITO half mirror layer 102. 
2$ Instead of the ITO layer, a very thin metal layer, e.g, 
of Ag or Au which acts as a half-minor may be em- 
ployed. 



so Claims 

1 . Alight-emitting element comprising an optical mi- 
cro-cavity structure (102-106), characterised in 
that the element Is a multi-color element having 

as at least two optical micro-cavfty structures hav- 

ing respectively different optical lengths deter- 
mining their emission wavelengths, each said mi- 
cro-cavity structure containing a film (105) of or- 
ganic material as a KghtTemitting region. 

40 

2. A light-emitting element according to claim 1. 
wherein said film (105) of organic material is 

i made of the same material in each said optical 
micro-cavity structure. 

4$ 

3. A tight-emitting element according to claim % 
wherein said films (105) of organic material are 
respective portions of a layer of said organic ma- 
terial. 

so 

4. A light-emitting element according to any one of 
claims 1 to 3 wherein each said optical micro-cav- 
ity structure comprises, between said reflecting 
surfaces (102.106) thereof, at least one further 

55 film (103.104) selected from a transparent elec- 

trode, a hole-Injection film, an electron-injection 
film and a transparent spacer film. 
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5. A light-emitting element according to daim 4, 
wherein the thickness of said further film 
(103,1 04) in a first one of said optical micro-cav- 
ity structures is different from the thickness of 
said further film in a second one of said optical s 
micro-cavity structures, thereby to provide said 
different optica) lengths. 

6* A light-emitting element according to any one of 

claims 1 to 5, wherein each said micro-cavity to 
structure comprises a pafr of electrodes 
(103,106) for passing electrical current through 

_sa*d_filnv(4Q5) ^ crgsruc rnatsna!^ - - 

7. A light-emitting element according to any one of 13 
claims 1 to 6, wherein said optical micro-cavity 
structures are mounted on a common substrate. 

8. A light-emitting element according to any one of 
claims 1 to 7* wherein a path for light emission 20 
from each said optical micro-cavity structure is 
provided by a half-mirror (102) which also pro- 
vides a reflecting surfaces. 

9. A light-emitting element according to any one of 26 
claims 1 to 8, wherein In each said optical micro- 
cavity structure, said optical length between re- 
flecting surfaces thereof is In the range of 0.9 to 

1.1 times one cf (a) the peak wavelength of the 
light emitted by the optical micro-cavity structure 30 
and (b) an integral multiple of said peak wave* 
length. 

10. A light-emitting element according to any one of 
claims 1 to 9, wherein, in each said optical micro- 33 
cavity structure, said optical length between said 
reflecting surfaces is in the range 0.0 P to 1 .1 . P. 
where P = 1/2 X (m - Af2 x). where X Is the peak 
wavelength of the light emitted by the optical mi- 
cro-cavity structure, m is an integer and A is the 40 
phase shift in radians of light reflected at each of 
said reflecting. surfaces. 

11. A light-emitting element' having a substrate and 
formed on said substrate a plurality of pixels of 45 
each of at least two types respectively emitting 
light of different wavelength, characterised In that 
each said pixel has an optical micro-cavity (102- 
106) structure containing as light-emitting region 
(105) a thin film of organic material adapted to so 
emit light of the wavelength of the pixel, said opt- 
ical micro-cavtry structure having an optical 

I ngth determining the peak wave! ngtti of the 
light emitted by ft under resonant condition. 

55 

12* A light-emitting el ment according to daim 11 
wherein each of said pixels includes, in said mi-, 
cro-cavtty . structur , a pair of electrodes * 
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(103,106) for passing current through said thin 
film (105) of organic material to cause light emis- 
sion therein, said electrodes of said pixels being 
interconnected as an array. 

13. A substrate for use in the manufacture of a multi- 
color llghNernitttng element according to daim 1. 
comprising a transparent substrate (101). a half 
mirror structure (102) formed on said substrata 
and consisting of a plurality of die! scale films and 
a transparent conductive layer (103) formed on 
said half mirror structure (102). 
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